The congenital anomaly in which the left coronary artery arises from the main pulmonary artery is infrequent, but lethal, and since it can be alleviated surgically, its recognition and hemodynamic consequences are important. On the basis of 140 reported cases and our seven cases, it seems to present in one of four ways: (1) in infancy with angina-like symptoms or as cardiomyopathy, and later (2) as mitral insufficiency, (3) continuous murmur, or in adults (4) by sudden death. Visualization of the coronary arteries provides the definitive diagnosis, and the problem is the selection for this procedure. The electrocardiogram, the most helpful laboratory aid, is diagnostic of infarction in 80% of the infant group; in the remainder other forms of cardiomyopathy may be confused. Although blood flows directly into the pulmonary artery in the majority of cases, it flows in the reverse direction in a few and this must be determined preoperatively. Some unanswered questions are the subject of discussion: Why the majority of infants have onset of symptoms at about 8 weeks of age, and why some survive to childhood and adult life. The pathological findings are reviewed. Although the greatest surgical therapy experience has been with obliteration of the anomalous left coronary artery (ALCA) at its connection with the pulmonary artery, anastomosis between aorta and ALCA provides an additive supply for both the present and the future.
T HE CONGENITAL ANOMALY in
which the left coronary artery arises from the main pulmonary artery is infrequent, but lethal, and since it can be alleviated surgically, recognition of the lesion and its associated hemodynamic changes is important.
Our own experience and a review of 140 reported cases suggests that patients with The majority of patients died in their first year of life; four4 ' 16, 22, 25 Nine patients, 1618, 24, 27, 33-39 children and adults, presented with a murmur detected at routine examination, described as continuous or as systolic and diastolic. Their ages ranged from 3 to 29 years. Most patients appeared to be in good health and all had normal peripheral pulses and pulse pressures, but two16, case 1; 18, case 3 were poorly developed and had episodes of angina, prompting, in both, the successful ligation of the ALCA.
In four cases,28 33-35 the continuous murmur simulated that of a patent ductus arteriosus leading to a futile search for such in one patient. 35 In another,34 both a patent ductus arteriosus and an ALCA were present, but when the ductus was obliterated, a continuous murmur persisted. This patient died of hemorrhage at the time of operation, this being the only death reported in this group. In the remaining cases, the continuous mur-mur was located along the left sternal border. When the murmurs were described as systolic and diastolic, the location was either in the pulmonary area27 39 or along the left sternal border. 16' 18 In two cases24' 36 an additional mitral insufficiency murmur was present. In the case reported by Cumming 5 ).
Diagnosis
Aortography is the definitive diagnostic procedure with the injection of the contrast medium immediately above the aortic valve or directly into the right coronary artery. When the ALCA functions as an A-V fistula, the dye will be seen to pass via collaterals to the left coronary artery and thus to the Circulation, Volume XXXVIII, August 1968 pulmonary artery. The problem is to define in which patients this study is warranted, on the basis of the clinical findings described above and the following laboratory tests:
Chest X-Ray This is not usually helpful in the differential diagnosis from other forms of cardiomyopathy in the infant age group. The heart is uniformly enlarged with a large left ventricle and frequently an enlarged left atrium, particularly in those patients with mitral insufficiency. Signs of pulmonary edema may or may not be present. In one patient in group III,18 the x-rays showed an increased pulmonary blood flow and this, together with the continuous murmur, suggested a patent ductus arteriosus.
Electrocardiogram
Group I-Infant Syndrome
The electrocardiograms of 50 patients with ALCA were reviewed (table 2) and compared with those of 32 cases of idiopathic endocardial fibroelastosis and four of coronary calcinosis (table 3) . The predominant conclusions from this study were as follows:
1. The diagnosis of myocardial infarction could be reasonably established in 80% of 50 infants on the basis of a Q-T pattern, which as noted in table 2, occurred in leads I, aVL, and the left precordial leads, or was frequently apparent only in aVL and the left precordial leads. (To establish these figures a Q of 4 mm or greater and T-wave inversion were required.)
2. In all but one of the 50 cases of ALCA, T-wave inversion was present in one or more of leads I, aVL, V4 to V6. S-T segment elevation was present in one of these same leads in 40% of the cases.
3. The 20% of ALCA cases in which T waves were inverted could not be distinguished electrocardiographically from those of fibroelastosis, coronary calcinosis, and other forms of cardiomyopathy. 4 WESSELHOEFT ET AL. The infants", 14, 20-22, 25, 28 surviving ligation were all improved clinically. Congestive heart failure disappeared, and there was rapid gain in weight and normal growth. Reduction in heart size on chest x-rays has been reported by a few authors14 20, 21, 28 beCirculation, Volume XXXVIII, August 1968 tween and 3 years after operation and our own case 5 has shown some reduction in heart size 3 years after operation, but in no patient has a reduction to a normal heart size been reported. In one of the infants, the electrocardiogram showed diminished evidence of myocardial ischemia, and in another,2' although the left axis deviation persisted, signs of myocardial infarction disappeared. fig. 3; ECG, fig. 4 right coronary artery which drained through the left coronary artery into the pulmonary artery.
At operation (age 7 years) a typical ALCA was found. Before its occlusion, the mean pressure in the ALCA (and the pulmonary artery) was 50 mm Hg. After occlusion, the pressure in the distal ALCA rose to 100 mm Hg. The left ventricle was gray and fibrotic, and neither its appearance nor its contractions changed after ligation. The ECG remained stable throughout the procedure. Postoperatively the patient had moderate congestive heart failure for 4 weeks, and then became asymptomatic. Five and one-half years later, he is well and without limitation in exercise tolerance. There is no significant change in heart size, in the electrocardiogram, or in the apparent degree of mitral insufficiency. Case 7 M.L., a male (M.C.H. No. 44812, A.60-140), died suddenly at age 19 years while engaged in mild physical activity. He had been seen between the ages of 6 and 15 years. He was said to have had a murmur since age 6 months, and between 2 and 4 years of age he had been dyspneic on moderate exercise. This improved so that prior to his death his exercise capacity was not markedly restricted. Once, at age 11 years when shovelling snow, he complained of chest pain and marked fatigue. The main physical finding had been a grade III/ VI apical Figure 1 Case 3, Y.R. Chest x-ray on admission (left) showing a large heart with pulmonary venous congestion. One month later, following therapy, the pulmonary venous congestion is less (right). Figure 6 Case 6, P.CH., age 6 years. This patient had mitral insufficiency and this tracing, prior to ligation of the ALCA, shows marked amplitude of SV1, RV5, 6 with a marked T-wave inversion in I, V5, 6 At age 8 months the electrocardiogram was compatible with acute anterolateral infarction, with a deep Q wave, which is no longer present. The date is June 10, 1962. systolic murmur. There was moderate cardiomegaly at age 7 and 12 years ( fig. 7) . The ECG at age 7 years showed an abnormal Q and biphasic T waves in lead I (six-lead ECG). By age 10 years there was no T inversion in leads I and II, but a persistent Q in lead I and aVL ( fig. 8) .
Autopsy. The heart (weight, about 400 g) only was available for examination, and it had been previously dissected elsewhere. The rightsided chambers and valves and the aortic valve appeared normal.
A typical ALCA was present. The right coronary artery was dilated and tortuous with a thicker wall than the left and could be dissected to its ending on the lateral wall of the left ventricle. No interarterial anastomoses were seen.
The structure of both vessels close to their Figure 4 Case 5, M.N., age 13 months. Electrocardiogram 1 month prior to operation, compatible with anterolateral infarction. Figure 5 Case The left atrium was slightly dilated and hypertrophied with a regurgitant jet lesion of the posterior wall indicating mitral insufficiency. The mitral cusps and chordae tendineae, however, were normal.
The left ventricle was moderately dilated and hypertrophied with slight diffuse endocardial fibroelastosis and marked ancient scarring with focal calcification of the inner third of the myocardium anteriorly. The anterior papillary muscle was markedly fibrotic and focally calcified, while the posterior papillary muscle showed only minimal fibrosis. The posterior wall of the left ventricle showed slight apical scarring. The interventricular septum was not scarred.
